The purpose of this study was to investigate the effects of two warm-up modalities (scheduled before a soccer match) on short-term maximal performance and physiological responses in soccer players. Twenty soccer players (Age = 22.1 ± 4.4 years; Height = 183.2 ± 7.1 cm, Body mass = 77.6 ± 8.5 kg) participated in this study. They randomly performed two different pre-match warm-up protocols on separate days with different excitation order component sequences where the last component of the warm-up excitation sequence was imputed completed either in the middle (WU-1), or at the end of the warm-up (WU-2). During the completion of the warm-up, heart rate (HR), and ratings of perceived exertion (RPE) were recorded. After the warm-up, participants performed a repeated sprint ability test (RSA) and the five jump (5JT) test. The results revealed no significant differences in WU-1 and the WU-2 for HR and RPE. In WU-2 condition, significant differences in the 7th acceleration phase of the repeated 10 m sprint (S7) (p < 0.05) was observed in comparison to WU-1. Likewise, the performance of 5JT (p < 0.05), and the 10-m of the RSA (p < 0.05) increased to WU-2 in comparison with WU-1. In conclusion, we recommended performing warm-up at the end of pre-match rather than in the middle to ameliorate the performance of soccer players during the competition.
Introduction
Warm-up is considered an essential factor to prevent athletes from muscular injury and to improve performance (Gracielle et al., 2007) . The warm-up period is defined as a preparatory exercise designated to enhance subsequent competition or training performance (Hedrick, 1992) . The purpose of warm-up is to prepare the athlete physiologically and psychologically, and to reduce the risk of injury (Bourne, 1992) .
Several studies were conducted in the 1950s-1970s to investigate the effects of warming-up on athletic performance (Richards, 1968) . In this context, approximately 60% of these studies found that warm-up was better to perform than no warm-up, whereas ~11% found that no warm-up was better, and the remaining ~29% found no significant differences between different protocols of warm-up and no warm-up (Blank, 1955) .
Soccer requires high-intensity intermittent efforts (Fradkin, 2002 ) that include many sprints of different durations, rapid accelerations and decelerations, jumping, agility, etc. Thus, it seems that soccer needs an active warm-up. In this context, previous studies have shown that active warm-up increases performance (Ekblom, 1986) . Most active warm-up routines integrate four types of exercise: "cardiovascular" often based on running; "muscular" including some "explosive strength" exercises; passive or active "stretching"; "specific" (i.e., miming the characteristics of the sport exercise). The specificity of these exercises is very important and most of them are miming some aspects (e.g., posture, rhythm, muscular action, inter-limb coordination, and angular displacement) of the competitive sport exercise or a part of it.
There is little data in the literature supporting that warm-up is a desirable part of pre-competition preparation. Consequently, there is more equivocation over what type of stretch, if any, to apply as part of warm-up strategies. In this context, the optimal warm-up modalities are still controversial (Bishop, 2003) . For example, vertical jumping ability has been shown to be improved following strength-related warm-up (Brown et al., 2008; Woods et al., 2007; Burkett et al., 2005) , or deteriorated if warm-up includes some static stretching (Gourgoulis 2003; Saez Saez et al., 2007) .
Furthermore, the assessment of soccer players' sprint performance was well documented in the last decade. Previous studies measured soccer players' 30-m sprint performance with 2-to 3-minute recovery in-between attempts (Holt & Lambourne, 2008; Young & Behm, 2003) . However, during a 90-minute game, it is unlikely for a player to have 2 to 3 minutes of passive recovery between sprints. He actually performs sprints and repeats them with a short recovery time, i.e., repeated-sprint ability (RSA) (Chamari et al., 2004) . Therefore, RSA is considered to more effectively simulate and reproduce soccer game performance as compared with a single bout of sprint Spencer et al., 2005) . In this context, Rampinini et al. (2009) have shown that RSA performance is related to soccer game sprint performance and that soccer coaches have implemented a series of short sprints, in order to prepare their players for the coming match performance. In that regard, RSA tests consisting of less than 10 sprint bouts with 20-to 30-second recovery have been recommended (Stolen et al., 2005) . Contrary to a single sprint in which energy is mainly derived from anaerobic metabolism, the energy during RSA (sprints and recovery) is derived from both anaerobic and aerobic metabolisms (Fitzsimons et al., 1993) .
Based on the facts that warming-up in soccer should include all components requested during games, and that knowing that warming-up modalities are controversial, the purpose of the present study is, therefore, to investigate the effect of sprint sequence placed at the end or at the middle of the pre-match warm-up on short-term performances in soccer players.
Methods

Subjects
Twenty male soccer players voluntarily participated in the study. The subjects were engaged in soccer for at least 6 years. Descriptive characteristics of the participants are presented in Table 1 . They trained for at least four sessions per week in addition to one official game match per-week. The training sessions lasted 90 min approximately. All subjects were examined by the team physician prior to the study, with a particular focus on orthopedic and other conditions that might preclude resistance training. All procedures were approved by the Institutional Review local Committee for the ethical use of human subjects, according to current national laws and regulations. Participants gave written informed consent after receiving both a verbal and a written explanation of the experimental design and its potential risks. 
Experimental Design
In a randomized order, the players performed a five-jump test and a RSA test after two warm-up protocols. The first warm-up protocol (WU-1) started with a 4-minute low-intensity jog followed by 8 minutes of general part (composed by moderate exercises of upper limbs, moderate exercises of lower limbs, and dynamic stretching), followed by 5-minute sprint exercises before performing 8 minutes of specific warm-up sequence consisting of exercises with ball. The second warm-up protocol (WU-2) was performed similarly to the first one. However, the sprint sequence was placed at the end of warm-up (after specific sequence). 10 minutes after each warm-up protocol, subjects performed a five-jump test and then a RSA test with a 2-minute passive recovery between tests. After each test physiological responses data were retained (i.e., HR and RPE).
The 5-Jump Test (5JT)
The 5JT test is a practical, validate and alternative to estimate lower limb explosive power of selected population (Chamari et al., 2004) . The 5JT consists of 5 consecutive strides with joined feet position at the start and at the end of the jumps. The subject attempts to cover the greatest horizontal distance possible by performing a series of five forward jumps with alternate left and right foot contacts. Subjects were given three trials; the best result (greatest distance) was obtained for analysis.
The Repeated-Sprint Ability Test (RSA)
The RSA test consisted of seven 30-m sprints (7 × 30 m) separated by a 25-second passive recovery period (Spencer et al., 2005) . This test was adapted from previous RSA cycling and running tests (Impellizzeri et al., 2008) that have been shown to be reliable and valid (Impellizzeri et al., 2008) . A hand-held stopwatch measured the time for the 25-second recovery. The sprint times were recorded by electronic speed time system (Brower Timing Systems, Salt Lake City, UT, USA,) placed at departure, 10 m and 30 m. The players stood 0.5 m behind the sensor before they started sprint. Each player was instructed and verbally encouraged to give a maximal effort during all tests, The timing gate at sprint 30-m can be divided into two phases: the acceleration phase (0 -10 m) and time spent in the maximal-velocity phase was calculated by subtracting the acceleration time from the overall time. The reliability of the RSA test was established in a previous study (intraclass correlation coefficient [ICC] = 0.98, p < 0.0001with a coefficient of variation [CV] of 3.6%) (Spencer et al., 2005) . The ICC and CV for the total time (TT) were 0.95 and 3.4%, respectively (n = 20).
Training Intervention
Study procedures took place in the university, on a football field in the morning and on 2 nonconsecutive days. Each group performed randomly two different warm-up protocols: WU-1 consisted of general warm-up, sprint sequence and finally, specific warm-up; the WU-2 including general warm-up, specific warm-up and a sprint. After 10 min of passive rest, the physical tests (5JT and RSA) were completed done. The general warm-up consisted of, common for all, of jogging for 4 minutes and up to including. 5 exercises to solicit the upper limbs (rotation, balancing as well as elevation and depression, done with a light jog to and fro over a distance of 20 m), followed by 5 exercises soliciting the lower limbs (elevation movement knee, heel to buttocks elevated, lateral displacement of both side and finally a rear run, every works runs with slightly pace). This sequence was completed with a series of lower body dynamic stretches; the movements selected were intended to warm-up the muscles used in soccer game. They mimic functional movements found in a competitive match, and the movements were carried out while jogging.
The specific warm-up lasted 8 minutes and consisted of the same exercise done with balls achieve with some working in pairs, exchange of different kinds of passes with both inside feet, shot with both feet, a long pass after a control, centering, hits, fly passes, head kicks. This specific sequence was finished by an opposition of ball conservation (5 against 5, on pa pitch measured 20 m × 30 m) limited to two touches ball.
Subjects completed a 4 minutes jog-run general warm-up before being assigned to either WP-1, or WP-2 warm-up conditions. In the WP-1 condition, subjects underwent 8 min of upper, and lower body active dynamic stretching (ADS) before completing 8 minutes of soccer-specific warm-up (SWP).
Each participant's heart rate (HR) and rate of perceived exertion (RPE) on the scale of (Impellizzeri et al., 2008) were collected in Table 2 .
Statistical Analysis
All statistical tests were processed using STATISTICA Software (Stat Soft, USA). The Kolmogorov-Smirnov test of normality revealed the data were normally distributed. Once the assumption of normality was confirmed, parametric tests were performed. Performance measures were analysed using one way ANOVA with repeatedmeasures. The reliability of the RSA test was analyzed using the intra-class correlation coefficient [ICC] . The level of statistical significance was set at p < 0.05.
Results
The statistical analysis revealed that physiological parameters (i.e., RPE and HR) were unaffected after the two warm-up protocols (i.e., WU-1 and WU-2) (p < 0.05). Likewise, our results showed that performance of the five jump test increased significantly (p < 0.05) after the WU-2 with ICC for this analysis (~0.87). Our results showed a significant improvement in the performance of sprint of 10m (i.e., 7th sprint) and 20m (i.e., 1st sprint) after the WU-2 (p < 0.05) in comparison with WU-1. Concerning the results of repeated sprint of 30m, significant differences were observed in 1st, 2nd and 7th sprint (p < 0.05) with better performance after WU-2.
Discussion
The aim of the present study was to investigate the effect of including a sprint sequence in the end or at the middle of the pre-match warm-up on physical performance in soccer players. Our results showed that the inclusion of sprint sequence would be more beneficial for performance when it is placed at the end of warm-up. However, the soccer players were able to better jumping and sprinting and thus to develop optimal performance.
The major finding of our study was that performances of pre-game soccer warm-up including sprint sequence at the end of warm-up were better than a sprint sequence placed in the middle of warm-up. So, we found that the charge load imposed by the two warm-up protocols was similar and no significant difference (p < 0.05) was found for either RPE or HR. Previously, it has been demonstrated that performing a warm-up before any activity enhances performance during competition (Fradkin et al., 2010) . Soccer had several demands such as physical, technical and tactical. However, the warm-up is an important component of physical exigencies to prepare player for match. The results showed that the acceleration phase of the seventh sprint of the RSA test was significantly better after the WU-end than after WU-mid.
This finding supports the study of (Sayers et al., 2008) who have found that jog 800 m, forward skips 4 × 30 m, side shuffles 4 × 30 m, and backward skips 4 × 30 m wish can be considered like dynamic warm-up with excitation exercise improve acceleration phase. In the same context, Little & Williams (2006) used 3 warm-ups protocols ending with ~4 minutes of incremental intermittent sprint and agility runs. They found that the best result in 10-m acceleration is observed with dynamic stretching, which support our finding since we have used dynamic stretching at the end of the general sequence of the two warm-ups. This result is also supported by the fact that the RSA test of 10-m calculated separately had a significant difference (p < 0.05) between WU-1 and WU-2. Additionally, performance obtained during the 5JT is significantly better (p < 0.05) in WU-2 than WU-1. One of the possible mechanisms behind the enhanced jumping and sprinting performance after dynamic-style warm-up is Post-Activation Potentiation. Indeed, it has been shown that activation of a muscle, may cause an enhanced of performance for some time after the cessation of the activation (Sale, 2002) . PAP may be a result of increased phosphorylation of myosin light chains, increasing the calcium sensitivity of the myofilaments (Sale, 2002) .
In the first 20-m high speed the WU-2 protocol produced significantly faster (p < 0.05) runs than did the WU-1 protocol, no significant result was found in the other six 20-m of the successive RSA-test sprints, this may by explained with the fact that, maximum stride length only occurs when the runner has reached peak speed that is, during the maximal-speed phase, additionally during it both stride length and the stretch shortening cycle duration are at their respective greatest, in the present study the emplacement of excitation sequence at the end (WU-2) may increase this effect which observed only in the beginning in the study of (Sayers et al., 2008) .
The findings of this study are establish in 30m sprinting WU-2 have significant better results for the first, second and the last 30m among the seven sprints of the RSA protocol then WU-1. This result confirms those in previous studies showing that dynamic exercise increases the power and speed performance (Faigenbaum et al., 2005; Faigenbaum et al., 2006) . In fact, Gelen (2010) found that dynamic exercises performed after 5 minutes of jogging positively affect sprint, slalom dribbling, and penalty kick performances and thereby power performance. Faigenbaum et al. (2006) investigated the acute effects of different warm-up protocols on anaerobic performances in teenage athletes. They stated that dynamic warm-up practice positively affect sprint, medicine-ball toss, and vertical jump performance. Faigenbaum et al. (2005) evaluated the acute effects of different warm-up protocols on fitness performances. Or investigation demonstrated that moderate to high-intensity dynamic warm-up exercises activate high power performance.
Practical Applications
The results of our study, including the sprint activity sequence at the end of warm-up could improve running speed during a 30-m sprint, 20-m maximal-speed, 10-m acceleration and 5JT performance. Soccer success can be dependent on maximal performance which we are aware of the potential positive effects of the insert of sprint sequence at the end of any pre-competitive warm-up. This finding is of great practical interest for coaches soccer and fitness coach trainers.
Conclusion
Previous investigators have suggested that a warm-up including dynamic exercises that replicate movements to be performed during the activity are beneficial to performance.
Given the originality of this study, success can be dependent on maximal performance, which is aware of the potential positive effects of the insert excitation part at the end of any pre-competitive warm-up. This finding is of great practical interest for coaches and fitness training. In the end, we recommended that the pre-match warm-up should end with excitation sequence based on sprints. Although more researches in the future are needed on this topic, it can be suggested that dynamic exercise performed for warm-up purposes may increase explosive-power production increasing neuromuscular functionality. It can be proposed that the excitation sequence at the end of warm-up increases the excitability of speed-contracted units of target muscles, thereby making these units ready to play an important role during certain activities such as sprinting performance and jumping abilities.
